The role of Mycoplasma species in diseases of the feline respiratory tract is controversial. Mycoplasma species have been recovered from oropharyngeal swabs of 30-93% of cats and from nasal swabs of 10% of cats, regardless of the disease status. 12, 14 Although Mycoplasma infection can cause primary pneumonia in cats, 4 it is not known whether these organisms are opportunistic pathogens or whether specific pathogenic Mycoplasma species are involved. In general, the number of cats with lower respiratory tract disease in which positive Mycoplasma cultures are obtained is low. 2, 11 However, Mycoplasma species are isolated only from the lower From the Department of Veterinary Medicine and Epidemiology (Johnson) and the Center for Vectorborne Diseases (Drazenovich, Foley), University of California, One Shields Avenue, Davis, CA 95616. 1 Corresponding Author: Lynelle R. Johnson, Department of Veterinary Medicine and Epidemiology, University of California, One Shields Avenue, Davis, CA 95616.
Presented in part at the 20th Symposium of the Veterinary Comparative Respiratory Society, Boston, MA, October 4-6, 2002. airways of diseased, unhealthy cats, 12 making them a potentially important pathogen. The importance of Mycoplasma in upper respiratory tract disease of cats has not been investigated to date.
To determine the role of Mycoplasma in respiratory disease, detection of the organism must first be maximized. Culture and isolation of Mycoplasma are challenging because these organisms are short lived outside the host and require a special growth medium. Mycoplasma species are relatively slow growing, requiring incubation for as long as 5 days; noncultivable species are also recognized. In addition, the type of sample submitted for analysis might affect the ability to culture organisms, and sampling techniques that rely on exfoliation of cells through lavage might result in less-frequent positive tests than tests performed on tissue samples. In swine, pathogenic Mycoplasma species adhere to cilia on epithelial cells, whereas nonpathogenic species do not, 17 suggesting that disease-causing organisms would only be isolated when appropriate host cell types are obtained on sampling. To optimize the isolation rate of Mycoplasma species, the appropriate sample type as well as the most suitable analysis must be determined. This prospective study compared standard culture techniques with polymerase chain reaction (PCR) for the detection of Mycoplasma species in nasal flush and biopsy specimens from cats. It was hypothesized that a PCR-based assay would provide improved detection of organisms. In addition, it was speculated that diagnostic tests on nasal biopsy samples would detect more positive samples than nasal flush samples because tissue samples would contain intact layers of cells.
Samples were obtained from 20 cats euthanized for miscellaneous health and behavioral reasons at the University of California Veterinary Medical Teaching Hospital (n ϭ 7) and at 2 local animal shelters (n ϭ 13). Given the lack of historical information in some cats, respiratory health or disease status was not considered for inclusion in this study. Both nasal flush and nasal biopsy samples were obtained from each cat for Mycoplasma culture and PCR. Nasal flush was completed by placement of a sterile 5 French Sovereign feeding tube a into the left naris of the cat, with instillation and aspiration of 3 ml of sterile saline. A fluid aliquot for Mycoplasma culture was placed in anaerobic transport media b and plated onto specialized media 7 for cultivation and isolation of Mycoplasma species within 3 hours of collection. A second aliquot was placed in a ribonuclease (RNase)free tube, frozen on dry ice, and stored at Ϫ80 C for Mycoplasma species PCR.
Two nasal biopsy samples were obtained from the left side of the nasal cavity using 3-mm rigid biopsy forceps. c One biopsy sample was placed in anaerobic transport medium for Mycoplasma culture. The biopsy tissue sample was placed in 1 ml of brain-heart infusion broth and macerated using the sterile technique before plating on agar. A second biopsy sample was frozen in an RNase-free tube at Ϫ80ЊC for Mycoplasma PCR.
Plates for Mycoplasma species culture were incubated at 37ЊC in 5% CO 2 for 5 days and identified as probable Mycoplasma species if Gram stain revealed poorly stained, gram-negative pleomorphic organisms, and colony morphology examined under a dissecting microscope indicated a ''fried egg'' appearance. DNA sequencing confirmed positive cultures as Mycoplasma felis. Amplicons were sequenced directly using PCR primers after purification with a kit. d Big dye terminator cycle DNA sequencing e was performed. Electropherograms were analyzed with Chromas, f and sequences were evaluated using the BLAST algorithm 1 from the National Center for Biotechnology Information.
For PCR analysis, DNA was extracted from wash and tissue samples according to the manufacturer's instructions using appropriate kits. g PCR was performed using the Mycoplasma genus-specific primer MGSO (5Ј-TGCAC-CATCTGTCACTCTGTTAACCTC-3Ј) 16 and a bacterial 16S universal primer RNA5 (5Ј-AGAGTTTGATCCTGGCT-CAGGA-3Ј) that amplified a 1,029-base pair fragment on PCR. Each 25-l reaction contained 2.5 l of template, 2.5 l of 10ϫ PCR buffer (100 M Tris-HCl, pH 8.3, 500 M KCl), 2 mM MgCl 2 , 200 nM each primer, 0.2 mM deoxynucleoside triphosphates, 2.5 g bovine serum albumin, and 0.5 U Taq polymerase. Thermocycling conditions consisted of a 94ЊC hold for 4 minutes, then 35 cycles of 94ЊC for 1 minutes, 64ЊC for 1.5 minutes, and 72ЊC for 2 minutes. The PCR products were separated on an ethidium bromidestained 1% agarose gel for 1 hour at 80 V and evaluated with ultraviolet transillumination. Assays were run in duplicate on all samples.
The level of agreement between detection of Mycoplasma species by standard culture methodology and PCR was determined by calculation of the kappa statistic. 9 The kappa statistic assesses the probability of chance agreement between tests. A kappa of zero indicates no agreement beyond that expected by chance alone, whereas a kappa of 1 indicates perfect agreement between tests. The kappa statistic was calculated for comparison of culture with PCR in both nasal flush and nasal biopsy samples.
Duplicate runs of PCR yielded identical results in both flush and nasal biopsy samples. Nasal flush was culture positive for M. felis in 6 of 20 cats (30%), and all culturepositive flush samples were PCR positive. (Table 1) Table 2) .
The 2 goals of this study were to compare PCR detection of Mycoplasma with standard culture technique and to determine the appropriate sampling technique that would optimize detection of these organisms in nasal samples of cats. Results indicate that the diagnostic use of Mycoplasma PCR is essentially equivalent to that of culture in detecting the presence of Mycoplasma species in the nasal cavity of cats. In addition, organisms could be isolated from flush or biopsy samples in the majority of cats, although there may be some cats in which only 1 sample will be positive.
Confirmation of the agreement of PCR with culture results is important clinically because results can be obtained more quickly with PCR than with culture, allowing earlier institution of appropriate therapy for infected animals. In this study, results of culture and PCR were in agreement in 89% of the nasal flush samples, and 100% agreement was found for nasal biopsy specimens. These data are similar to those reported in a rat model of M. pulmonis infection, where culture and PCR detection of Mycoplasma in nasal and tracheal samples showed 89% and 91% agreement. 6 Additional benefits of PCR are that it requires less-specialized handling of samples than culture does, and it can be performed on formalin-fixed tissue when needed. Therefore, PCR provides rapid and sensitive detection of Mycoplasma in nasal sam-ples of cats and would be a useful technique to use in clinical situations.
Although PCR results were in excellent agreement with culture results in this study, limitations of the technique must be considered. PCR is highly sensitive, and false-positive results occur if laboratory or sample contamination occurs. In this study, PCR was performed in duplicate and identical results were found for all samples, making it unlikely that the single discordant result was a false positive. An additional limitation of PCR is that the assay reports only the presence of organism DNA, and a positive result could indicate viable or nonviable organisms. To determine the role of Mycoplasma in clinical disease, additional studies are required in cats with and without respiratory disease to determine whether isolation of the organism correlates with the clinical signs of disease.
In this study, M. arginini was identified by way of PCR and DNA sequencing in a sample that was culture negative. This may represent a significant benefit of PCR over culture because noncultivable species of Mycoplasma could be clinically important. It is unclear why this organism did not grow in culture, although perhaps very small numbers of bacteria were present in the sample. There is no evidence to suggest that M. arginini has specific growth requirements that differ from those of M. felis or that M. arginini is susceptible to growth inhibition by other bacteria. The sample containing M. arginini also had growth of small numbers of Streptococcus canis, moderate numbers of Pasteurella multocida, and large numbers of nonfermenter group 3 organisms, and it is possible that products from aerobic bacteria resulted in a falsely negative Mycoplasma culture from this sample. However, M. felis was cultured from other samples that had similar numbers and types of bacteria isolated concurrently.
Interestingly, in the lower respiratory tract of pigs, culture and PCR had equivalent sensitivities in acute M. hyopneumoniae infection, but in the chronic stages of experimentally induced disease, culture was more sensitive than PCR in the detection of the organism. 13 Results here showed equivalence of the 2 tests in cats with natural exposure to the organism but unknown disease status. This study was not designed to correlate isolation of the organism with the occurrence of the upper respiratory tract disease; however, feline nasal disease is typically chronic in nature. Therefore, longitudinal studies investigating the use of culture and PCR in various stages of disease will be useful in establishing specific recommendations for the use of these tests in diseased cats.
In this study, overall test results indicated that Mycoplasma organisms could be detected in either nasal flush or nasal biopsy samples using culture or PCR. PCR-based detection of M. hyopneumoniae has yielded equivalent results to culture in bronchial lavage samples and in lung tissue of experimentally infected pigs. 10 Although the nasal flush was less invasive than the nasal biopsy, there was slightly better agreement between PCR and culture results for biopsy samples in this small study. If pathogenic Mycoplasma species adhere to cilia as in the pig, 17 it is possible that analysis of flush samples alone would not identify disease-causing organisms and that nasal biopsies would be required for the diagnosis.
In bovine, several pathogenic Mycoplasma species can be detected by PCR in nasal swab specimens. 8 In the pig, PCR analysis of nasal swabs has confirmed the presence of M. hyopneumoniae in naturally infected animals, although the organism was detectable for only a limited period of time. 10 Use of a nested PCR with 2 species-specific primer pairs was more sensitive than conventional PCR in both experimentally and naturally infected pigs, 3 supporting both the use of more sensitive PCR systems in the diagnosis of infection and the ability to use nasal swabs in the assessment of lower respiratory tract disease.
Organisms detected in nasal swabs have proven to be useful in the diagnosis of lower respiratory tract diseases in pigs 3 and humans. 5 The correlation of nasal and lower respiratory tract pathogens has not been assessed in the cat. In one study, the percentage of healthy cats with oropharyngeal Mycoplasma species did not differ from the percentage of diseased cats with positive results. 12 Mycoplasma species were only found in the lower airways of cats with respiratory disease and unhealthy cats, 12 but the mycoplasmal species involved were not detailed. Comparison of culture and PCR detection techniques for Mycoplasma species in different sites of the feline respiratory tract would be useful.
This study was limited by the small number of cats assessed and by the fact that only M. felis was cultured in the group of cats used in this study. However, in this population of cats, the isolation rate of Mycoplasma species was relatively high (30-35%) in comparison with a large-scale study where only 10% of the nasal samples had Mycoplasma isolated. 14 The sensitivity of PCR was not tested directly in this study, although the method is reported to detect the DNA of a single organism. 16 Finally, this study was designed to investigate the correlation between PCR and culture using nasal flush and biopsy samples. The lack of historical or clinical data precluded collection of specific information on the disease state. In calves, the nasal cavity is often colonized by nonpathogenic Mycoplasma species, 15 and the clinical importance of Mycoplasma isolated from cats in this study is not known. This study supports the use of PCR detection of Mycoplasma species in nasal flush or biopsy samples of cats, with DNA sequencing for further identification of the organism. The lack of currently available information indicates the need for future evaluation of the species distribution, the respiratory localization, and the temporal isolation characteristics of Mycoplasma organisms in sick and healthy cats. Clinically and experimentally based investigations will yield important insights into the contribution of Mycoplasma species to feline respiratory disease. c. Karl Storz Veterinary Endoscopy, Goleta, CA. d. Microcon, Millipore, Bedford, MA. e. ABI Prism, Foster City, CA. f. Technelysium, Helensvale, Queensland, Australia. g. Qiagen, Inc., Valencia, CA.
